IDU is associated with high sexual risk, linking people who inject drugs (PWID) to the wellestablished HIV epidemic in Africa. Although most HIV infections in the region occur as a result of unprotected heterosexual sex and mother-to-child transmission, current high-risk trends in IDU and few services targeted to IDU position this mode of transmission to become a significant threat in a region that is over burdened by HIV. While data available on IDU are sparse, evidence has suggested that PWID engage in high-risk injection and sexual exposures, and have high rates of HIV infection (Reid, 2009) . Low HIV testing uptake and lack of knowledge of the risks associated with injecting drugs may also contribute to the emerging problem. We present a review of IDU in sub-Saharan Africa as well as a discussion of HIV risk, HIV prevalence, and HIV testing uptake in this population.
IDU is a significant contributing factor to new HIV infections in many parts of the world, including Eastern Europe, South America, and East and Southeast Asia (Mathers et al., 2008; Williams et al., 2007) , and has been dramatically rising in sub-Saharan Africa in the past 10-15 years (Affinnih, 2002) . Trends in IDU in recent years in Africa suggest that by 2015, 0.08% of the East African population, 0.19% of the East-Central African, and 0.24% of the Southern African populations will inject heroin. This nears, and may surpass, rates found in the United States, where heroin use appears to have stabilized at around 0.2% (United Nations Office for Drug Control and Crime Prevention [UNODCP], 2011) . By comparison, the prevalence of opiate injection use in Eastern Europe, the highest in the world, is estimated to be between 0.8% and 1.0% (UNODCP, 2011) .
Despite the rapid rise in IDU, targeted prevention and care services have not grown in proportion (Mathers et al., 2010) . In the United States, more than 13,000 specialized drug treatment centers provide services to PWID in addition to other forms of inpatient and outpatient treatment programs, but in sub-Saharan Africa, less than 1% of drug users have access to treatment services (Mathers et al., 2010) . The World Health Organization (WHO), UNODCP, and UNAIDS (2008) have recommended a comprehensive package of nine interventions to decrease HIV risks to PWID: (a) syringe exchange programs (SEPs); (b) opioid substitution therapy and other drug treatment; (c) HIV testing and counseling; (d) provision of antiretroviral therapy (ART) for people living with HIV (PLWH); (e) prevention and treatment of sexually transmitted infections; (f) condom programs for PWID and their sexual partners; (g) targeted information, education, and communication for PWID and their sexual partners; (h) vaccination, diagnosis, and treatment of viral hepatitis; and (i) prevention, diagnosis, and treatment of tuberculosis. However, the region continues to be unprepared to address HIV risks related to IDU. Lack of knowledge about the risks related to injecting, lack of targeted HIV prevention messaging, and stigmatization contribute to preventable risks taken by PWID (Needle, Kroeger, Belani, & Hegle, 2006) . Moreover, lack of access to sterile injecting equipment makes HIV prevention difficult, even when PWID have proper knowledge of transmission prevention (Beckerleg, Telfer, & Sadiq, 2006; Reid, 2009) .
Risks encountered by PWID are compounded by a lack of HIV testing uptake. HIV testing not only informs serostatus, letting individuals make conscious choices to protect themselves, their partners, and their children, pre-and post-test counseling also provide HIV education and individualized risk reduction counseling, even for people who are not infected with HIV (Hendriksen et al., 2009 ). In addition, HIV testing helps engage HIV-infected people in early care and treatment, which can reduce HIV-related morbidity and mortality and reduce transmission and incidence (Montaner et al., 2010) . This is especially true when counseling is a part of the testing process, providing the patient with education about transmission and prevention in addition to giving information about HIV status (Meiberg, Bos, Onya, & Schaalma, 2008) . Unfortunately, HIV testing is not a common practice for PWID in sub-Saharan Africa (Table 1 ; McCurdy, Ross, Kilonzo, Leshabari, & Williams, 2006; Meiberg et al., 2008; Williams et al., 2007; Williams et al., 2009) . Although it is difficult to quantify the proportion of PWID who are tested for HIV throughout the world, countries in Western Europe report the highest proportion of PWID with HIV on ART (89% coverage of PWID who need ART; Mathers et al., 2010) . Countries in Eastern Europe report the lowest ART coverage, with less than 1% of PWID with HIV accessing necessary medications (Mathers et al., 2010) . Testing identifies infection and is a first step to engaging patients in HIV care and the associated counseling that can decrease transmission risk.
There is some evidence that PWID in sub-Saharan Africa do not understand the relationship between drug use and HIV, nor do they know the severity of the risks of some injection practices that are common in the region (Bisika, Konyani, Chamangwana, & Khanyizira, 2008; Dahoma et al., 2006) . Moreover, PWID in sub-Saharan Africa are frequently linked with high sexual risk, including low rates of condom use and transactional sex practices (Parry & Pithey, 2006; Reid, 2009; Timpson et al., 2006) . While lack of knowledge of the risks related to IDU may contribute to lack of testing uptake, this cannot entirely account for the low prevalence of HIV testing in PWID. Mass campaigns regarding the sexual roots of HIV transmission predominate, potentially obscuring awareness of injection risk. Other factors are also likely to influence decisions to be tested. Stigma, which has been implicated in poor testing uptake for PWID in other regions, and in the general population in Africa, may play a significant role (Hendriksen et al., 2009; Matovu & Makumbi, 2007) .
Our paper reviews the HIV risks associated with PWID in sub-Saharan Africa and estimates of HIV prevalence in this population. Our findings demonstrate that the risks associated with this population put recent advances that have decreased new HIV infections in the region at grave risk. If prevention efforts fail to address the particular needs of this population, those successes may be lost (WHO, 2006) .
Methods
We searched PubMed using the terms injection drug use and sub-Saharan Africa and HIV risk, limited to 2005-2012, which yielded 36 articles, nine of which directly addressed HIV risks among PWID in the region. Searching the terms stigma and HIV testing and subSaharan Africa and injection drug use yielded no results. A second search omitting injection drug use revealed four articles on stigma and HIV-test decision-making, and stigma among PWID in sub-Saharan Africa. Examining the references in the literature found via the PubMed searches showed literature on HIV and PWID in sub-Saharan Africa unavailable through PubMed or other Internet databases. We contacted the Editors of the African Journal of Drug and Alcohol Studies for eight pertinent articles. Individual country names were searched in PubMed with the term injection drug use, yielding no results. Of the 47 countries that comprise the sub-Saharan African region, we found articles on IDU and PWID for eight countries: Ghana, Kenya, Malawi, Mauritius, Nigeria, South Africa, Tanzania, and Zanzibar.
Results

Risks Related to Drug Use
Estimates of the prevalence of PWID in sub-Saharan Africa are not widely available, except for South Africa and Nigeria (Mathers et al., 2008) . From the limited research that has focused on PWID in the region, it appeared that extremely high-risk practices were associated with drug use. Timpson and colleagues (2006) described the risk behaviors of 319 PWID in Dar es Salaam, Tanzania. More than 35% of the sample self-reported having injected with a syringe previously used by another person at least once in the previous month, and 45% had shared used syringes with others in that same time period. Williams and colleagues (2009) found that 31% of their Tanzanian sample of PWID reported injecting with a syringe used by someone else, and 41% had given their used syringes to another person for use. In Mauritius, where almost 100% of new HIV infections occur among PWID, 50% of participants reported syringe sharing (Abdool, Sulluman, & Dhannoo, 2006) . Among 239 injection heroin users in South Africa, 89% had engaged in syringe sharing at some point during their injecting careers (Pluddeman, Parry, Flisher, & Jordaan, 2008) . Nigeria, Kenya, Ghana, and Zanzibar all reported similar high rates of syringe sharing (Table 2 ; Adeji et al., 2008; Adelekan & Lawal, 2006; Beckerleg et al., 2006; Dahoma et al., 2006; Timpson et al., 2006) . In Tanzania, PWID reported gathering in groups of at least four to pool money to purchase, prepare, and share drugs (McCurdy, Williams, Kilonzo, Ross, & Leshabari, 2005b) . Beckerleg and colleagues (2006) reported that most (89%) PWID in Kenya also described injecting in groups, and more than a quarter (27.6%) of those who reported distributive syringe sharing (sharing used syringes with others) reported being infected with HIV. Most syringes available in sub-Saharan Africa have large-bore needles. These become dulled through frequent reuse, increasing the amount of blood that can collect in the needle as compared to the smaller needles used by PWID in the United States and Europe (Paintsil, He, Peters, Lindenbach, & Heimer, 2010) . Participants also reported sharing ancillary injection equipment such as cookers, cotton filters, and rinse water. Sharing ancillary equipment can potentially spread HIV and other blood-borne viral infections (Paintsil et al., 2010) .
Drugs in sub-Saharan Africa are often purchased as a package, which may include used syringes (Dahoma et al., 2006; Parry & Pithey, 2006; Reid, 2009) . Few PWID know the origin of the syringes they purchase and cannot be sure if they are sterile or previously used (Beckerleg et al., 2006; McCurdy et al., 2006; Parry, Carney, Petersen, Dewing, & Needle, 2009 ), thus, rates of reuse may be even higher than reported. To compound this problem, PWID report being unable to purchase new syringes at pharmacies, although they are available legally (Pluddeman et al., 2008; Reid, 2009 ).
Backloading and flashblood are two specific high-risk activities that enhance the risk of transmitting HIV or other blood-borne viral infections (McCurdy, Williams, Ross, Kilonzo, & Leshabari, 2005a) and are practiced among PWID in sub-Saharan Africa, particularly Tanzania and Zanzibar (Dahoma et al., 2006; McCurdy et al., 2005b; Ross, McCurdy, Kilonzo, Williams, & Leshabari, 2008) . Backloading, a means of sharing drugs, refers to the process of preparing the drug in one syringe and then injecting a portion of the preparation into another syringe. Although backloading can be done in a sterile manner, it also can serve as a mechanism for disease transmission. Flashblood, a practice first reported in 2005 and unique to sub-Saharan Africa, involves injecting heroin, then drawing out as much as 3 cc of blood into the syringe, and passing the syringe filled with blood to another injector for injecting (McCurdy et al., 2005b) . It is reportedly used to prevent opiate withdrawal symptoms, and practiced by as many as 10% of IDU in Tanzania and Zanzibar (Dahoma et al., 2006; Williams et al., 2007) . Both of these practices, which involve direct contact with blood, underscore risks taken by PWID in sub-Saharan Africa; HIV transmission through blood exposure is up to 100 times higher than from sexual contact (Gisselquist, 2002) .
Injecting Context
Research conducted in Tanzania, Zanzibar, and South Africa has described the social spaces in which drugs are injected and the associated risks. McCurdy and colleagues (2005a) and Ross and colleagues (2008) described mageto, the equivalent of shooting galleries, in Tanzania, where PWID go to inject drugs. Mageto vary; some are simply free places for PWID to gather and use, others are accessed only by paying an entrance fee, and still others offer "packages" where a user can purchase drugs and syringes and even have drugs administered. Moreover, multiple studies describe how PWID will leave their syringes at a mageto or gallery for "safekeeping" due to tough laws against being caught holding a used syringe (Dahoma et al., 2006; Parry et al., 2009; Ross et al., 2008; Timpson et al., 2006) . Many PWID reported that they did not share their syringes but in fact did not know what happened to needles left unattended.
Prisons are another sphere where PWID can engage in high-risk injecting. A2008 study in Ghana found that 35% of inmates reported a history of IDU; 71.5% reported ever sharing needles (Adeji et al., 2008) . The prevalence of HIV infection was 5.9% among the inmates and 4.9% among prison officers, as compared to the overall 1.9% HIV prevalence in the general population of Ghana (UNAIDS, 2008) . Reports from Zambia (Moszynski, 2010) , Zimbabwe (Alexander, 2009 ), South Africa (Essuon et al., 2009) , and Nigeria (Adoga et al., 2009 ) have suggested similar high-risk prison populations. Many inmates enter corrections facilities already infected with HIV, creating heightened opportunities for transmission with high-risk behaviors and elevated HIV prevalence in prisons (Dolan, Kite, Black, Aceijas, & Stimson 2007) . These risks are not limited to prison populations. Former inmates put outside communities at risk as well when they are released without proper linkage to HIV care, and families are not educated about the risks incarceration can pose (Dolan et al., 2007) . Although the problem of transition between prisons and communities is not unique to subSaharan Africa, it is an important consideration of risk in the region.
Access to Treatment
SEPs reduce HIV transmission and are linked to reductions in self-reported injecting risk behavior (Palmateer et al., 2010) . Despite this, sub-Saharan Africa has the lowest rate of clean syringe distribution in the world, with an estimated 0.1 clean syringes distributed per injector per year (Mathers et al., 2010) . Mauritius is the only country in the region that has a government-sanctioned SEP program (Reid, 2009) . Pharmacy syringe sales can also have positive impacts on injecting risk behavior (Palmateer et al., 2010) and are legal throughout sub-Saharan African nations. Nevertheless, PWID in Tanzania and South Africa have reported being denied syringe access at pharmacies (Pluddeman et al., 2008; Reid, 2009) . Most countries in sub-Saharan Africa focus on harsh legal penalties for drug use (Affinnih, 2002) . The consequences of these policies not only increase the stigma associated with drug use, further marginalizing this population, but also restrict access to drug treatment and services (Affinnih, 2002) .
While harm-reduction policies can potentially reduce risks related to HIV transmission for PWID, the most effective prevention is cessation of injecting and its associated blood exposures (UNAIDS, 2007) . Drug treatment programs, however, are scarce and costly in sub-Saharan Africa Wechsberg et al., 2009 ). For example, in 2007 there were five drug treatment programs in Kenya, which mostly relied on inconsistent volunteer workers and provided no services for women (Sullivan, Levine, Charwarski, Schottenfeld, & Fiellin, 2007) . In South Africa, in a study of 506 female drug users, less than 20% reported any awareness of drug treatment programs. Many PWID who were aware of drug treatment services reported that access to publicly funded treatment was difficult and lengthy, while private drug treatment programs were unaffordable (Parry, Petersen, Carney, & Needle, 2010) . Effective opiate substitution therapies, such as methadone and buprenorphine, have been virtually unavailable in the region (Mathers et al., 2010; Parry et al., 2010) . The only countries in sub-Saharan Africa that offered some type of opioid substitution program were Kenya, Mauritius, Senegal, and South Africa (Mathers et al., 2010) . Some peer-based recovery programs, such as Narcotics Anonymous, existed in Kenya, South Africa, and Zanzibar (Dahoma et al., 2006; Sullivan et al., 2007; Wechsberg et al., 2009 ). The limited services in the region, coupled with the criminalization of drug use, do little to reduce HIV risks faced by PWID in sub-Saharan Africa and do not meet the global recommendations of the WHO, UNODCP, and UNAIDS (2008) . The most effective programs aimed at reducing HIV risks for PWID co-locate HIV prevention services with other services for drug users (WHO, 2006) .
Risks Related to Sexual Behavior
The HIV risk of PWID in sub-Saharan Africa is not only related to drug use but also to concurrent sexual risks, including high rates of transactional sex (trading sex for money or drugs), multiple sex partners, and low rates of condom use (Table 3 ; Needle et al., 2006; Reid, 2009) . Throughout the region, 70%-90% of females who inject drugs also engage in transactional sex (Dahoma et al., 2006; McCurdy et al., 2006; Ross et al., 2008; Wechsberg et al., 2009; Williams et al., 2009; Williams et al., 2007) . In Mauritius, 74.5% of female IDU report engaging in transactional sex . In Tanzania, 85%-96% of female PWID engage in transactional sex work (Timpson et al., 2006; Williams et al., 2007; Williams et al., 2009) . Male PWID have also reported transactional sex activities (Dahoma et al., 2006; Hedden, Whitaker, Floyd, & Latimer, 2009) . While a small percentage (1.5%) of males in Tanzania reported engaging in transactional sex (Williams et al., 2009 ), more than 52% of male PWID in a South African sample reported a history of transactional sex (Hedden et al., 2009) . Even in PWID who do not report sex work, sexual practices are risky. Dahoma and colleagues (2006) reported that male PWID in Zanzibar engaged in high-risk sexual practices such as group anal sex and sharing injecting equipment between sex and injecting partners.
While 61% of 385 PWID in a South African study reported condom use at last sexual encounter (Hedden et al., 2009 ), an extremely high percentage for any group, these results were not replicated in other countries. In Mauritius, 77% of transactional sex workers who injected drugs reported never using a condom with their regular sex partners, and one quarter reported never using condoms with clients . In Tanzania, among PWID engaged in transactional sex work, half (49%) reported never using a condom in the previous 30 days; only 23% reported always using condoms (Williams et al., 2009 ). This sample had reported large numbers of sex partners, ranging from 1-300 in the previous 30 days, with more than 10% of subjects reporting 60 or more partners. In Nigeria, fewer than 20% of subjects interviewed reported occasionally or always using condoms in the previous 6 months ( Adelekan & Lawal, 2006) . The concurrent risks of IDU, transactional sex work, and infrequent condom use clearly compound HIV risks in this population.
Gender Differences
Due to the significantly higher rates of transactional sex work by female PWID, coupled with low rates of condom use, HIV risks are potentially much higher for females who inject drugs than for males. In Tanzania, female PWID have reported as many as 12 times the number of sexual partners as males, as well as low condom usage (Williams et al., 2007) . Transactional sex work, however, also provides economic freedom for women. In Tanzania, females were more likely to purchase and use drugs alone than males (Williams et al., 2007) . Males, on the other hand, while less likely to engage in the risks related to transactional sex, were more likely to share drugs and injection equipment, due to less economic independence (Hedden et al., 2009; Ross et al., 2008; Williams et al., 2007) . Although most subjects studied in the reviewed articles were male, females in many of these samples were two to four times more likely to be infected with HIV (Aceijas, Friedman, Cooper, Stimson, & Hickman, 2006; Adelekan & Lawal, 2006; Hedden et al., 2009; Williams et al., 2007) .
HIV Prevalence, Knowledge, Stigma, and Testing Uptake
Relatively little is known about HIV prevalence in PWID in sub-Saharan Africa. South Africa is one of the only countries with systematic surveillance of IDU and HIV infection (Mathers et al., 2008; Needle et al., 2006) . Data from other countries are limited by lack of systematic sampling, small sample sizes, and self-reported HIV infection. HIV testing is often refused and, as a result, few studies have reliable HIV data and none have reported HIV incidence in the region (Mathers et al., 2008) .
Despite this, evidence indicates a potential HIV epidemic in PWID in sub-Saharan Africa. The extremely high proportions of PWID who are infected with HIV range from 5% in Nigeria (Adelekan & Lawal, 2006) to near 50% in Tanzania (Williams et al., 2009 ). For comparison, in Russia, approximately 40% of PWID are infected with HIV (Mathers et al., 2008) .
In sub-Saharan Africa, the high proportion of PWID who are also PLWH is coupled with a lack of knowledge about the risks associated with drug use. In a sample of 508 drug users (38.9% self-reported PWID), Dahoma and colleagues (2006) showed that fewer than 50% of subjects in Zanzibar could relate any negative health consequences to drug use. In Nigeria, only 25% of IDU reported an understanding of the HIV risks related to use (Adelekan & Lawal, 2006) . In addition to lack of knowledge about risks associated with IDU, fear of getting tested and receiving a diagnosis of HIV impacted rates of testing (Hendriksen et al., 2009; Matovu & Makumbi, 2007; Meiberg et al., 2008) .
Stigma, a complex process of negatively labeling people who are "different," resulting in devaluation and discrimination, has been widely implicated in reluctance to get tested for HIV (Hendriksen et al., 2009; Matovu & Makumbi, 2007; Meiberg et al., 2008) . Lack of knowledge about HIV transmission, belief that an HIV diagnosis meant immediate death, and the fear of results not being confidential, all contributed to low rates of HIV testing (Meiberg et al., 2008) . Fears of the impact an HIV diagnosis might have on family and community also contributed to a lack of testing uptake (Hendriksen et al., 2009 ). There is a great deal of stigma related to being a PWID, and the fear of adding the burden of HIVrelated stigma could also be a restrictive factor for PWID to seek HIV testing (Parry et al., 2010) . Female PWID, in large part due to HIV testing in antenatal clinics, are far more likely to have been tested for HIV and have more knowledge about HIV risk than men (Hendriksen et al., 2009 ). However, as males account for 66%-93% of all PWID in subSaharan Africa, the vast majority of PWID in the region are not receiving education about risks or individualized counseling, nor are they learning their HIV status (Aceijas et al., 2006) . This significant gap can have devastating consequences, as has been witnessed in other parts of the world. Ignoring the needs of PWID in sub-Saharan Africa may decimate the gains that have been made in the fight against HIV.
Discussion
PWID in sub-Saharan Africa not only suffer from negative consequences related to drug use, injection behaviors, and addiction, they also are at high risk of HIV infection. Risk exposures are prevalent, and access to drug use prevention and treatment services is limited (Mathers et al., 2010) . Drug treatment is largely unavailable and HIV prevention services do not come close to meeting demands (Mathers et al., 2010) . While non-governmental organizations have started to address some of the needs of PWID (Mathers et al., 2010) , government responses have been, for the most part, weak. With the exception of Mauritius, most countries are resistant to harm-reduction policies and instead use imprisonment as a deterrent. These policies are unlikely to deter a potentially expanding epidemic. Targeted interventions are needed to increase awareness of risk and access to clean syringes and drug treatment programs. Promoting HIV testing uptake for PWID is an important means to access this hidden population and provide necessary linkages to care (WHO, 2006; UNAIDS, 2007) . However, the illicit nature of drug use and social stigma need to be addressed in order to increase HIV testing and awareness of injecting risk. Engaging current and former PWID to help develop and implement interventions may be an effective way to reach this hidden population. Further, utilizing peer education may promote awareness of the risks associated with IDU and improve testing uptake.
High-risk sexual exposures in PWID also increase risk for HIV for non-injecting sexual partners. Targeted and comprehensive risk reduction programs need to address both injecting and sexual risks, especially for PWID engaged in transactional sex. Other efforts intended to reduce the spread of HIV through sexual contact may be undermined if this critical juncture of sex and drugs is ignored.
The dearth of research in this field leaves many gaps and unanswered questions. Research is urgently needed to provide accurate estimates of IDU in all 47 countries that comprise subSaharan Africa as well as estimates of HIV prevalence and incidence. Data on other bloodborne infections, such as hepatitis B and C, which are prevalent in PWID in other parts of the world, would also be informative in the context of sub-Saharan Africa (Aceijas et al., 2006) . Co-infection increases morbidity, which further increases the health burden (France de Bravo et al., 2008) .
Studies are also needed to examine specific interventions in order to assure effective prevention programs aimed at reducing HIV risk and transmission for PWID in sub-Saharan Africa. Due to the heterogeneity of cultures, risk behaviors, and other differences such as gender, policies, and structural factors, it is unlikely that a single intervention would be successful for all IDU populations in every sub-Saharan African country. Therefore, comprehensive strategies that include a range of interventions tailored to the needs of the most at-risk PWID communities are required.
Conclusion
Evidence suggests extremely high rates of injecting risk behaviors, sexual risk behavior, and HIV prevalence in drug injecting populations in sub-Saharan Africa, yet little access to information, sterile equipment, or HIV testing exists. Our review has identified gaps in information, disturbing trends, and an urgent need for a large-scale rollout of communityspecific responses. Recent gains in the fight against HIV in sub-Saharan Africa are at risk if the needs of this highly marginalized population are ignored. Policymakers and health care providers need to address the burgeoning HIV epidemic in PWID in sub-Saharan Africa with great urgency. 
